The accelerated weight gain in productive animals as a result of feeding antibiotic enriched fodder has been well known for decades. The better energy harvest is the result of modified gut microbiota as a consequence of applied antibiotics. Similar mechanisms might result obesity in humans as well. Objectives: Finding associations between global antibiotic consumption of different classes in EU countries and obesity data in adults and children prove that antibiotics might play a significant role in the development of obesity "epidemics" and related illnesses. Methods: Antibiotic consumption data were compared with obesity figures in adults and children in European countries and statistically analyzed for significance. Results: Significant correlation was found between the average yearly consumption of cephalosporins (p = 0.007), quinolones (p = 0.031), macrolides (p = 0.000083) and childhood obesity data, but no significant association was observed with the average penicillin consumption. No association was observed between adult obesity and any of the antibiotic classes studied. Conclusions: Our results support the hypothesis that different types of antibiotics might influence the development of obesity among children, and this finding can serve as a unified explanation for the development of obesity "epidemics", similarly to the obesity and gut flora alteration-related diseases (type 2 diabetes mellitus, autism, etc.).
Introduction
The discovery of antibiotics in the mid-twentieth century has contributed to the increased estimated life span. Soon, it was realized that several microbes were capable of developing antimicrobial resistance, and new pathogens emerged producing new diseases while the old ones kept coming back.
Antibiotics have been used to promote growth and enhance performance of livestock for over decades. In the USA, low doses of antimicrobials are fed to large numbers of animals to accelerate weight gain by as much as 15% [1] . The gut microbiota plays an important part in the harvesting of energy and laboratory simulations have revealed that antibiotic treatment alters the composition of the gut microbiota and the host response to specific microbial signals [2] .
The mechanisms by which antibiotics improve growth/obesity are not clearly understood. The gut microbiota has been linked to low-grade inflammation through activation of innate immunity through the LPS-Toll-like receptor 4 axis. Cani et al. demonstrated that mice fed a high-fat diet for 2 to 4 weeks exhibited a significant increase in circulating LPS levels (described as "metabolic endotoxemia") and that these mice became obese and had obesity associated metabolic disorders [3] . Similarly, mice infused with LPS (to reach levels observed in mice that were fed a high-fat diet) also had obesity and obesity-associated metabolic disorders. When metabolic endotoxemia was reproduced by subcutaneous infusion of LPS, animals developed the same metabolic abnormalities induced by the high-fat diet, while LPS receptor KO (CD14KO) mice were resistant to the effects of both high-fat diet and LPS infusion. Moreover, CD14KO mice were hypersensitive to insulin even when they were fed a normal diet, suggesting that CD14 might modulate insulin sensitivity in physiological conditions. Obesity has further been shown to be associated with altered gut microbial composition in human subjects and mice. The guts of obese human subjects were shown to have reduced numbers of Bacteroidetes and increased numbers of Firmicutes compared with those of their lean counterparts [3] [4] .
Weight gain was observed as a result of applying erythromycin in preterm neonates (born at less than 32 weeks' gestation) with feeding intolerance [5] .
The hypothesis that antibiotics might have the same global effect on humans than in livestock was first raised in 2005 [6] , because antibiotics being acquired either as treatment or from the environment as antibiotic pollution could alter the gut flora in humans also, and due to similar mechanisms, outlined above, obesity/growth might develop.
Objectives
The observation that antibiotics administered in low doses have been used as growth promoters in the agricultural industry since the 1950s prompts us to compare data bases of global antibiotic consumption in European countries, compiled and published by the ESAC project (European Surveillance of Antibiotic Consumption) and current obesity prevalence among children and adults (OECD, WHO, etc.) seeking for possible significant statistical associations. As several recent publications indicated the association of the childhood obesity/growth and antibiotic consumption, and even experimental researches supported this concept [7] - [11] , we wanted to establish a possible statistical correlation between different classes of antibiotics and childhood/adult obesity as well. According to our working hypothesis, if significant positive correlation can be established between those databases, it might be a clear indication that antibiotics (consumption/pollution) are capable influencing human obesity in a global manner. We want to elucidate, as much as possible, that quantitative or qualitative (probably both) consumption data are corresponding to obesity figures (adults and children) or not.
Materials and Methods

Study Design
Cumulative data were obtained from the publications describing global outpatient antibiotic consumptions in EU [12] and different classes of outpatient antibiotic consumption in European countries between 1997-2009 [13] - [16] . Not all the 33 countries included in the publications reported their consumption to the ESAC project in every year (covering 1997 through 2009). Average consumption/year for cephalosporins, quinolones, penicillin and macrolides for each of the countries was calculated and entered in a datasheet. The data obtained were based on the reported numbers of years of the respective countries (minimum 1 year, maximum 13 years) and expressed in DIDs (defined daily dose/1000 inhabitants/day).
Detailed comparisons were made within the penicillin group for narrow spectrum penicillin (NSP) including penicillinase resistant penicillin (PRP) to obesity prevalence and the broad spectrum penicillins (BSP) including beta-lactamase combined penicillin (COP).
Obesity figures for children and adults were acquired mostly from OECD and WHO statistics, but other sources were also considered. The obesity prevalence was expressed in percentage (%) and reflected the obesity situation in the reported countries for the year of 2010 or the nearest year. When the obesity prevalence among boys and girls were different, an average number was established and included in the datasheet. Overweight (BMI > 25 kg/m 2 ) and obesity (BMI > 30 kg/m 2 ) were counted together [17] - [23] .
Statistics
Rank correlation was calculated between obesity prevalence (%) in adults and children and the average yearly consumption of cephalosporins, quinolones, penicillin and macrolides (DID).
Results and Discussion
The average yearly antibiotic consumption in the four major classes of antibiotics included in the study was estimated as 493. (Figure 2) . Detailed data by countries are included in Table 1 .
The detailed analysis of the penicillin group yielded no correlation between the average penicillin consumption (R = 0.24, p = 0.18) or the "NSP-PRP" penicillin consumption (R = 0.27, p = 0.13) and the obesity in children. In the case of "BSP + COM" antibiotics and the obesity in children moderate positive correlation (R = 0.34, p = 0.05) was found.
In the case of penicillin consumption we did not find even weak positive correlation between average penicillin consumption (R = 0.25, p = 0.15) or the broad spectrum penicillin ("BSP + COM") consumption (R = 0.24, p = 0.17) and the obesity in adults. We did not find any correlation between the narrow spectrum penicillin ("NSP + PRP") consumption and the obesity in adults (R = 0.015, p = 0.93) either. Detailed data by countries and penicillin groups are found in Table 2 .
We have observed that childhood obesity is rather associated with qualitative parameters of antibiotic consumption, than to quantitative figures. In spite of the fact, that the majority of antibiotic consumption (58.89%) was related to the penicillin group, no statistical significance was found between childhood obesity and penicillin consumption. The strongest significance was establishes with the macrolide group (14.24%) and obesity.
Our original working hypothesis was that if antibiotics alter the gut flora which promotes more "energy harvest" it might have been observed among adults as well, but our results were very conclusive in each of the antibiotic groups between adults and children that only children are affected.
The International medical community is currently facing an unprecedented high speed epidemic of obesity and type 2 diabetes mellitus (T2DM) along with the unexplained increase of some more different ailments, like autism, of which we are not able to come out with an appropriate explanation [24] . Experimental data clearly established the probable mechanism and relationship between gut flora and antibiotic consumption, because antibiotics, by altering the gut flora, will increase the "energy harvest" from the intestine. Similar changes can be achieved by probiotics also [25] . Human observations supported the mechanisms of developing obesity described in experimental animals, and clinical observations proved that children receiving antibiotics in their first 6 month of life have 22 percent more chance developing increased BMI (11) . Our comparative analysis of databases and the recent publications clearly indicate the possibility of the association between human antibiotic consumption and obesity in children. The relationship between obesity and T2DM was established for decades.
The observed "epidemics" of obesity and T2DM particularly among children are clearly parallel with the increased antibiotic use and of the increasing antibiotic pollution, which might provide a permanent, low grade antibiotic pressure on the gut flora from the environment. Our findings confirmed previous observations of obesity promoting the effect of macrolides and other classes of antibiotics but penicillin [5] [7] [8] [11] .
The ever increasing utilization of broad-spectrum antibiotics might select resistant bacteria and results overgrow of other species (Firmicutes and C. difficile, etc.) together with the elimination of the so called "bacteriocin" producing bacteria population from the gut flora as well, which helps the overgrow also. It is of interest that 3 classes of antibiotics showed significant correlation to the prevalence of childhood obesity, but in the group of penicillin, only moderate positive (with broad spectrum penicillin) and no correlation (with narrow spectrum penicillin) were observed, and no significance was found to the cumulative consumption of the penicillin group either.
The prevalence of adult obesity was not associated with the antibiotic consumption in any of the classes of the antibiotics compared. Recent researches revealed the alteration of human microbiota in certain diseases, such as diabetes mellitus, sclerosis multiplex, autoimmune disorders, and even in cardiovascular diseases (atherosclerosis). The most interesting is the alteration of the human microbiota with bacterial overgrow of Desulfovibrio species and others in autism [26] [27] . The spreading of autism shows the same epidemiological pattern as obesity and T2DM, and even the 20% of autistic children are obese often suffering of gastrointestinal complains. Attempts were made to achieve improvement by reconstructing the intestinal flora via fecal microbiota transplantation (FMT) in the cases of sclerosis multiplex and T2DM. The amelioration of the symptoms and the improvement of insulin resistance were achieved in many cases [28] [29].
Conclusions
Accepting the well documented fact that antibiotics are capable of influencing human gut flora [30] and this altered gut flora might play a role in the development of different diseases, we can consider the effect of antibiotics as a common denominator in the development of very different diseases (like obesity, T2DM, autism, sclerosis multiplex, etc.) in susceptible subjects, but other circumstances (genetics, environment, etc.) cannot be disregarded either.
Our results, when comparing crude databases of antibiotic consumption and obesity, clearly demonstrate the association between obesity and antibiotic consumption among youngsters, but similar correlation is not found in adults.
The radical limitation of the use of certain broad spectrum antibiotics in children might reduce the spreading of obesity epidemics and other gut flora-related diseases, like autism. Another alternative is the extensive utilization of FMT in different cases of altered gut flora, including autism. The study did not receive any financial support, and we were not able to estimate any bias possibility during our analysis.
